The characteristics of (110) silicon anisotropic bulk etching are studied with varied temperature and concentration of aqueous KOH solution. The etch rates of (110) and (111) planes increase with increasing temperature but decrease with increasing concentration. The maximum etch rate ratio is above 150 at 45 exact wt.% and 60'C of aqueous KOH solution. Surface roughness varies greatly with concentration, and the minimum roughness is observed in an aqueous KOH solution of 41 exact wt.%. In 41 exact wt.% aqueous KOH solution at 651C, comb structure have been fabricated which are 8pm wide, 150gm high and separated by 7pm gaps, using a comb mask pattern l0gm wide with 5pm gaps.
INTRODUCTION
Anisotropic etching of silicon has become an important technology in silicon processing. Anisotropic etching of single crystal silicon, resulting from different etch rates in each of its crystallographic planes, has been used to fabricate various structures [ 1, 2, 3] . The anisotropic etching of (110) silicon provides useful means for the fabrication of high-aspect-ratio structures with atomically smooth, vertical sidewalls because of high etching selectivity between (111) and (110) planes.
Experimental research on (110) silicon anisotropic etching has been widely performed. D.M. Allen [4] , P. Krause [5] , and Y. Uenishi [6] experimented with holes and narrow groove patterns for (110) silicon etching under certain specific etching conditions, with fixed concentration or temperature. Kishi [7] etched (110) silicon anisotropically with no mask at higher temperature and obtained etch rate, etch rate ratio and surface roughness in various etching condition. K. Sato also studied characteristics of (110) silicon anisotropic etching with hemispherical specimens in aqueous Potassium Hydroxide (KOH) under several different conditions [8, 9] .
These studies have shown that the anisotropic etching characteristics of (110) silicon vary with concentration, temperature, and shape of the mask pattern. Therefore, there is a need for study of the etching of (110) silicon with various concentrations, temperatures and patterns.
In this paper, the characteristics of (110) silicon anisotropic bulk etching such as etch rates, etch rate ratio, surface roughness and beam length are studied for fabricating comb structure with varying temperatures, concentrations of KOH aqueous solution and comb dimension. Comb structures with high aspect ratios are fabricated by using conditions that allow high etch rate ratios and smooth etched surface,. Figure 3 and Figure 4 show the etch rate after 100 minutes of (110) plane and (111) plane when (110) silicon bulk etching is performed. (110) and (111) planes are calculated by measuring the height and width of the structure using a laser profiler (KEYENCE VF-7500). The etch rates of both planes increase with increasing temperature, and decrease with increasing concentration of KOH aqueous solution. The temperature of etchant has a strong influence on the relative etch rates of (110) and (111) planes than does concentration of KOH aqueous solution. Figure 5 shows the ratios of etch rates between (110) and (111) planes.
The etch rate ratio increases with either increasing KOH concentration or decreasing temperature. High etch rate ratios, over 100, are obtained in aqueous solutions of 41 and 45 exact wt.% KOH, at controlled temperature from 601C to 701C. The highest etch rate ratio, larger than 150, is observed in the case of 45 exact wt.% KOH aqueous solution at 601C.
Surface Roughness of Etched Silicon
The roughness of an etched silicon surface is also important to special applications such as micro mechanical structures or micro optics. They are measured using a laser profiler to study etched surfaces in various conditions of aqueous KOH solution. Figure 6 shows the surface roughness of etched (110) silicon planes with different depth from 100 to 300pm after 100 minutes etching. The surface roughness was observed to have a minimum at 42 exact wt.% and a maximum at In all cases, (111) planes are smoother than other planes in SEM photographs as shown in Figure 8 . Figure 8 are (111) plane, and the horizontal surfaces are (110) planes. The figures show that the surface smoothness of the (111) plane is not concerned with the roughness of (110) plane.
The vertical walls in

Etch Rate of Comb
In fabricating comb structures, not only height and width but also length of the comb are important. Since the length is determined by etch rate ratio, measurement of the etched beam length is required. Figure 9 shows the etching mechanisms of beam structure. Performing the (110) Silicon etching with rectangular mask, the convex comers are etched to form two fast etched planes of Facet, and Facet, immediately (Figure 9(a) ), the two facets meet each other to make triangular etched structure at critical etching time to (Figure 9(b) ). We assumed that during the step shown in Figure 9 (a), the Facet, which is perpendicular to the (111) plane has strong influence on the etch rate of beam length. However, in next step, this facet seems to be vanished, and the etch rate of beam length is influenced by two fast etch planes Facet, and Facet, respectively (Figure 9 (c))
Critical etching time to from (a) to (c) can be determined by etch rates of Facet, and Facet, as in Eq.(1) and the etch rate of beam is equal to the etch rate of Facet,.
(1) Therefore the reduced length of beam before to is calculated simply by Eq.(2).
(2) Figure 6 . Surface roughness of (110) etched plane 
(4) Figure  10 shows 
Fabrication of Comb Structure
With consideration of etching condition such as high etch-rate ratios between R<110> and R<l11>, appropriate etch time, and minimum surface roughness, the etching condition for comb structures was chosen as aqueous KOH solution of 41 exact wt% at 651C.
During fabrication of comb structures by (110) silicon anisotropic etching, it is observed that if the gap of comb is narrow, then the etch rate of. narrow gap is smaller than that of widely opened surfaces as Ohwada reported[I1]. The etched depth of narrow gap is about 30 um shallower than that of the wider one, therefore 30 minutes overetching can make these structures wholly penetrated. Using this etching condition, we successfully fabricated comb structures which are 8µm wide, I50um high and with 7µm gaps using a comb mask pattern of 10µm width and 5µm gap (Figure 11 .) 4 
